1. Introduction {#sec1}
===============

Human genome when analysed shows that it accumulates approximately 20,000 protein coding genes (PCGs), which makes up only \~ 2%, of the whole genome sequence. The majority of the genome is built by \~78% of non-protein-coding transcriptome which undergoes modifications but fails to end up with the process of translation \[[@bib1]\]. Apart from the house-keeping non-coding RNAs (ncRNAs) such as ribosomal RNAs (rRNAs) and transfer RNAs (tRNAs) our genome also nests small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs), micro RNAs (miRNAs), piwi-interacting RNAs (piRNAs) and the longest one, long-non-coding RNAs (lncRNAs) \[[@bib2],[@bib3]\]. As the name suggests these lncRNAs are longer group members of 200 nucleotides (nts) in length and their expression is controlled by transcriptional as well as miscellaneous epigenetic factors. LncRNAs are governed by RNA polymerase II and undergoes post-transcriptional modifications similar to coding RNAs. Moreover, lncRNAs are less conserved among the different species, as well as lack open reading frames (ORFs) and coding potentials \[[@bib4], [@bib5], [@bib6]\].

Earlier studies illustrate that the disruptive activity on the histone linked DNA template, like mutation, chromosomal rearrangements, chromosomal deletion/insertion, etc. caused due to chemicals, radiations, stimuli may guide the RNA polymerases to react abnormally \[[@bib7]\]. In another process, RNA synthesis gets catalyzed and induces transcription everywhere in the human genome generating the heterogeneous group of lncRNAs randomly \[[@bib8]\]. The generated lncRNAs diversely perform activities participating in dosage compensation \[[@bib9]\], transcriptional repression \[[@bib10]\], regulatory activities \[[@bib11]\], growth and differentiation \[[@bib12]\]. A widely proposed functional model of lncRNAs serve as guides, decoys or scaffolds thereby regulating different activities of gene transcription, mRNA modification or translation \[[@bib13]\]. LncRNAs besides participating in different events form complexes with proteins \[[@bib14]\], mRNAs \[[@bib15]\] or even miRNAs \[[@bib16]\] guiding to several biological processes. However, the mechanisms of action of most lncRNAs remain vague.

Deflecting towards the disease, breast cancer is known to be one of the most prevalent form of female neoplasm across the globe ranking second most among the commonly occurring cancers worldwide (after cardiovascular diseases). This accounts for about 12% of all new cancer cases and 25% of all cancers in women \[[@bib17],[@bib18]\]. Although considerable amounts of research for understanding the molecular pathology of the disease have been conducted in the past by exploring the proteomic content of the affected organs, the genomic polymorphism and instability due to chromosomal aberrations, epigenetic and genetic alterations have often been overlooked. The focus towards the epigenetic factors can help to characterize the molecular landscape of the disease and contribute in its pathogenesis. Many attempts have been made to predict the involvement of lncRNAs in metastasis of breast cancer mostly by correlating gene expression patterns using high-throughput sequencing (HTS) techniques such as microarray and next generation sequencing (NGS) \[[@bib19]\]. Also high profiled machine learning techniques have succeeded in categorizing these lncRNAs on the basis of conserved *k-mer* patterns \[[@bib20]\]. Likewise, with the advent of RNA-Seq technique, the skeptical views of these lncRNAs have changed pushing the study towards its biological significance. Moreover, these lncRNAs are transcribed in single-regulated manner, which categorize the divergent species on the basis of differential expression patterns with the contrasting dataset samples. The dysregulation of lncRNAs have been found to be directly or indirectly associated with the hallmarks of cancers mediated by other interacting partners which can be either non-coding RNAs (miRNAs, siRNAs, and piRNAs) or some proteins, transcription factors (TFs), histone complexes, etc \[[@bib5],[@bib21], [@bib22], [@bib23]\]. However, the less knowledge regarding the interactions shares diminutive and inadequate information about the mechanism of tumorogenesis in cells.

Trending research practice is focused on a greater understanding of the response of different activities, including the role of apoptosis. Cell proliferation and apoptosis governs the normal development of the organ, any loss or gain in the activity may evidence the tumour formation \[[@bib24],[@bib25]\]. Much of this work is still the subject of research to determine the steadiness between proliferation and apoptosis. Identification of ncRNAs in target driven pathways for apoptosis can lead to several therapeutic benefits \[[@bib26],[@bib27]\]. With the case of breast cancer, components of several potential signaling pathways can be targeted to improve the survival rate. The aim of the study was to identify one or several of these potential apoptosis regulators associated with ncRNAs in breast cancer cells. Moreover, lncRNAs have been implicated to act as important regulators in tumor-suppressor and oncogenic pathways, and recent studies showed that lncRNAs control the major cancer-driving pathways at epigenetic, transcriptional and post-transcriptional level \[[@bib28],[@bib29]\]. Several lncRNAs have been found to be dysregulated in breast cancer tissues when compared with normal tissues. *LSINCT5*, *ZFAS1* plays critical role in promoting cell proliferation, LncRNA-Smad7 function as anti-apoptosis gene \[[@bib30]\], *GAS5* has an established role in inducing apoptosis \[[@bib31]\]. Some of the most widely studied lncRNAs in BC are *H19*, *HOTAIR*, *GAS5*, *MALAT1*, *UCA1*, *CCAT1-2*, *XIST*, and *PANDAR* \[[@bib32]\]. *H19* is reported to be up-regulated in cancer cells acting as oncogene and functioning as sponge for miRNA precursors \[[@bib33]\]. Similarly *MALAT1* \[[@bib34]\], *UCA1* \[[@bib35]\], *CCAT1* \[[@bib36]\], *CCAT2* \[[@bib37]\] and *HOTAIR* \[[@bib38]\] acts as oncogenes, functionally regulates different pathways which can detect primary or recurrent BC associating with multiple tumor grades and stages. LncRNAs acting as tumor suppressor genes (TSGs) in BC are even less explored (e.g. *GAS5*). *GAS5* low-expression is shown to predict good prognosis in different cancers including BC where it is downregulated in cancer tissues \[[@bib39]\]. Furthermore, *MALAT-1* which is reported to be upregulated in most of the cancers is said to be associated with different functional processes such as metastasis, cell proliferation, apoptosis, migration, as well as correlated with clinically unfavourable prognostic parameters. The knockdown experiment, showed the increased proliferation in the cells justifying the dysregulation of the lncRNAs in aberrant conditions \[[@bib34]\]. *UCA1* induces apoptosis and modulates cell growth by interacting with tumor suppressive miRNA (miR-143) defining a prognostic role in breast cancer \[[@bib35]\]. Upregulation of *CCAT1* expression is caused due to a cell cycle regulator oncogene that results in the progression of the disease and poor prognosis in breast cancer patients. Similarly, elevated levels of *CCAT2* expression leads to conditions indistinguishable from the ones caused by *CCAT1* \[[@bib36],[@bib37]\]. *XIST*, a widely studied lncRNA for its role in X-chromosome silencing in female cells, is widely expressed by all cells of somatic origin present in females. The expression is said to be lost in female breast-, ovarian-, as well as cervical-cancer cell lines. The dysregulated expression of *XIST* pin-points its complex and controversial role in breast cancer \[[@bib40]\]. A 1.5 kb lengthened lncRNA, *PANDAR* is reported to be upregulated in breast cancer cell lines and tissues and functions as a tumor-promoting lncRNA by regulating G1/S transition \[[@bib41]\]. Therefore, screening based on functional assays could help in identifying novel lncRNAs that are involved in apoptosis regulating breast cancer progression.

The dysregulated or defective apoptosis regulation forms the base of standard therapies like chemotherapy and radiotherapy \[[@bib42]\]. Apoptosis induced tumor progression is a fundamental aspect of the tumor biology. Non-surgically the cancer cells can be removed by inducing the mechanism of apoptosis which may activate the cell death of malignant cells or may repair the mechanism in the defective ones \[[@bib43],[@bib44]\]. Hence, deeper perceptive of the molecular mechanisms of apoptosis targeted via epigenetic regulators transcriptionally or post-transcriptionally opens the new opportunities for researchers to develop drugs which could eradicate the tumor formation.

In this study, we identified significantly dysregulated lncRNAs in BC profiling expression analysis using RNA-Seq technique. RNA-Seq and microarray technology both are determined as a means of generating transcriptome information. However, RNA-Seq has a number of advantages over the microarray technique regarding the experimental design, data acquisition, and data analysis. RNA-Seq technology detects transcripts that may or may not correspond to existing genomic sequencing, compared to microarray technology where the prior information about the sequence is required. This quality of the RNA-Sequencing method aids in investigating both known transcripts as well as exploring new ones. RNA-Seq delivers low background noise unambiguously mapping to the unique regions compared to the microarray where the noise is generated due to cross-hybridization. RNA-Seq has the ability to quantify a large dynamic range of expression levels, with absolute values determined by means of differential expression analysis. RNA-Seq analysis is cost effective and can be performed with high levels of reproducibility between large numbers of replicates. However, RNA-Seq costs more per sample than microarray and requires high power computing facilities \[[@bib45], [@bib46], [@bib47]\]. The samples gathered from the curated data available on NCBI SRA database was used to identify putative lncRNAs active in different samples of breast cells viz. normal and tumorous conditions. Furthermore, a standalone application freely accessible web interface called 'DeepLNC' for distinguishing coding and non-coding RNAs from the sequence specific dataset was used, available at our website <https://bioserver.iiita.ac.in/deeplnc/>. The curated regulations considered in our study identified significantly up-regulated lncRNAs (LINC01087 and lnc-CLSTN2-1:1) and down-regulated lncRNAs (lnc-c7orf65--3:3 and LINC01559:2) which were further characterized *in vitro* using RT-PCR techniques. We contemplated that the dysregulated lncRNAs exhibit oncogenic functions in breast cancer cells by regulating associated miRNAs with pathways related to cell growth/proliferation/apoptosis. Furthermore, we generated a network from the components of the genome such as lncRNA-miRNA-mRNA and identified the novel regulatory mechanisms involved in apoptosis signaling pathway which might participate in the oncogenic activity in breast cancer. The network created is first of its type which is an attempt to link the genomic macromolecules, challenging the age old phenomenon of central dogma.

In addition, our candidate lncRNA was found to interact with some regulatory proteins involved in functions significant to different cellular processes which can also be of oncogenic purpose. This sponge-interaction of ncRNAs in association with mRNA mediated genes is more promising for investigation and diagnosis of the disease \[[@bib48], [@bib49], [@bib50]\]. The outline of the steps followed in the analysis is outlined in a flowgram provided in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1A basic flowchart to show the steps involved in processing of the data.Fig. 1

Thus, the work done in this paper displays group of lncRNAs and interacting miRNAs possessing novel potential of being critical regulators during the disease occurrence and progression. This regulatory network and pathway analysis involving the ncRNA components is first of its kind specifically in terms of interacting partners. The pair will provide a skeleton for implementing the research work in the area targeting crucial steps in disease progression strapping up these for therapeutic benefits.

2. Materials and methods {#sec2}
========================

2.1. Gene and lncRNA expression profile of breast cancer {#sec2.1}
--------------------------------------------------------

Breast cancer known to be one of the most prevalent form of female neoplasm across the globe accounts for about 25% of all death. To explore the molecular pathology of the disease in terms of non-protein coding content we carried the RNA-Seq analysis for differential expression testing of novel lncRNAs. The primary NGS datasets (GSE71862) generated using Illumina\'s HiSeq 1500 platform and related RNA-Seq library clinical information was obtained from Gene expression omnibus (GEO) database. The NGS dataset comprised of 6 samples including 3 normal breast samples as control and 3 samples of breast cancer. For gene expression analysis, pre-processing of data was performed using different set of tools. The fastq data was filtered using FASTQC (<https://www.bioinformatics.babraham.ac.uk/projects/fastqc>/) tool, which helped with the graphical images provided during the adapter trimming and quality check. The mammalian genome data was mapped using the algorithm developed by the tool Bowtie 2 (<http://bowtiebio.sourceforge.net/bowtie2/index.shtml>) vastly supporting the gap alignment. The aligned data was mapped to the hg19 genome extracted from the UCSC genome browser (<https://genome.ucsc.edu/>). The number of the reads mapping to the particular area, which helps with the quantification purpose for the expression analysis, was done using HT-seq tool (<http://wwwhuber>.embl.de/HTSeq/doc/count.html). The count based algorithm was followed by the differential expression analysis using edgeR (<http://bioconductor.org/packages/release/bioc/html/edgeR.html>), an R based tool. The differentially expressed genes were subjected to the specific regulation process by calculating the logFC value. The lincRNAs name was according to LNCipedia 4.0 nomenclature rules decided as per the HGN Committee \[[@bib51]\].

2.2. Functional analysis of DE lncRNAs {#sec2.2}
--------------------------------------

The differentially expressed (DE) genes were subdivided according to the biological, molecular and cellular processes using Panther database (<http://pantherdb.org/>), BiomaRt (<http://www.biomart.org/>), and DAVID (<https://david.ncifcrf.gov/>) tool search. The chromosomal location of the several bp long transcribed lncRNA was analysed using IGV tool (<http://software.broadinstitute.org/software/igv/>), whereas the coding potential was declared using ENSEMBL (<http://www.ensembl.org/index.html>) genome browser, PRIDE reprocessing tool (v 2.0), PhyloCSF score, CPAT, Randfold tool, respectively. The presence of miRNAs target region and locus conservation was searched using MirTarget2 in another species, as assessed by the Emsembl Compara API, respectively. The manually curated and experimentally validated dysregulated lncRNAs with an established role in the cancer were screened out for further analysis. We additionally mined miRNA databases: miRTarget (<http://www.mirdb.org/>), LncBAse analysis (<http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/help&topic=lncBase>), TargetScan ([www.targetscan.org/](http://www.targetscan.org/){#intref0075}), miRTarBase (<http://mirtar.mbc.nctu.edu.tw/human/>) to obtain miRNAs associated with lncRNAs targeting mRNA genes which may be involved in BC or some other cancer for our study.

2.3. Clinical samples, RNA extraction, cDNA synthesis and RNA-Seq {#sec2.3}
-----------------------------------------------------------------

For the cell culture and morphological studies, human breast adenocarcinoma cell line (MCF-7) was used. The methods in the study were carried out in accordance with the approved guidelines and regulations. Detailed information regarding the cell lines, RNA extraction, cDNA synthesis is as follows: the frozen vials of cells (MCF-7) stored in liquid Nitrogen (N~2~) were thawed, pelleted down and were re-suspended in culture medium (DMEM), supplemented with 15% foetal bovine serum (FBS), 1% penicillin/streptomycin. Cells were grown in T25 cell culture flask, kept in CO~2~ incubator at 37 °C until 70--80% of the flask surface was covered with the cells, in between changing the media after every alternate day. When the cells became confluent, media was aspirated out and cells were washed with 1X PBS followed by trypsinization with \~1 ml trypsin/EDTA solution at 37 °C for 1--2 minutes. When around 50% cells start floating, reaction was terminated by adding 2--3 ml of complete DMEM medium and the suspended cells were transferred to 15 ml falcon. After centrifugation at 1000--1500 rpm for 2 min at Room temperature (RT), the cell pellets were re-suspended in 1 ml complete DMEM medium, counted and seeded at the concentration of 0.1 million cells/ml in T25 cell culture flask and were grown overnight in cell culture incubator at 37 °C and 5% CO~2~ around at 70--80% of the flask surface was covered by the cells, in between changing the media after every alternate day. After 24 h the medium was replaced, the morphological changes in the cells or changes in their cell growth were observed in between 12 and 48 h and photographs were taken under phase contrast microscope (Nikon TiS). When the cells became confluent, media was aspirated out and cells were washed, trypsinized. Total RNA from the MCF-7 cell lines were extracted using Trizol reagent (Sigma Aldrich) as per the manufacturers\' instructions. To prevent RNA degradation the RNAs were treated with RNase-free DNAse I enzyme (Promega). cDNAs were synthesized from 1 μg of DNAse-I Treated total RNA and 0.5 μg of oligo(dT) 12--18 primers (Promega) using 100 U of M-MLV Reverse Transcriptase and 20 U of RNAsin (Promega). The above mixture was suitable for 25 μl reaction mixture. For strand specific PCR, 1 μM of sense/antisense strand-specific LINC01087 (Fwd 5′ CAAAGAGCAACCAGCCA 3'; Rev 5′ AACCAGTACCAGCCACTA 3') primers was used, generated using Primer3D tool (primer3d.com/). 1 mM dNTPs were used for generating cDNAs at 50 °C, 2.5 μl of cDNAs were further used for the PCR amplification using positive reference control GAPDH. The amplified product was run on 1.5% agarose-TBE gel electrophoresis. 1 μl of the specific primer along with 2.5 μl of cDNA template (of MCF-7 cell total RNA) was used in a reaction mixture and the amplified product along with the control was loaded. The 3516 bp (LINC01087) and 452 bp (GAPDH) amplicons were quantified and the result was plotted using IDV values.

2.4. Sponge-pair interactions {#sec2.4}
-----------------------------

A curated regulatory relationship was established among lncRNAs, miRNAs and target genes obtained from different database using network topology. In our analysis, we tried to build a new association between coding RNAs and non-coding RNAs giving equal weight age to RNA-RNA interactions. LncRNAs have been least explored and their association with miRNAs or any other ncRNAs may help to throw light on the mechanism of their action specifically in breast cancer system. We generated a curated miRNA-mRNA regulatory network using Genemania (<https://genemania.org/>). The network targeted genes were involved in tumor suppressive or oncogenic role which are likely to play important regulatory roles in the pathogenesis of the disease.

2.5. Statistical analysis {#sec2.5}
-------------------------

Co-expression analysis between lncRNA and miRNA was studied. The correlation coefficient is used as a measure of gene co-expression, where negative r-value indicates negative correlation and positive value indicates positive co-relation. Kaplan-Meier plot was used to demonstrate the relationship between hsa-miR548n, AKT1 and PAWR gene expression and survival of patients with breast cancer.

3. Results and discussion {#sec3}
=========================

3.1. Differentially expressed lncRNAs in breast cancer {#sec3.1}
------------------------------------------------------

RNA-Seq analysis of the two data sets, consisting of 3 normal and 3 cancerous samples, using HTS tools (Tuxedo pipeline) identified 19435 non-protein coding transcripts *viz*. long intergenic non-coding RNAs (lincRNAs), antisense (as) RNAs, miRNAs, snoRNAs, snRNAs and miscellaneous RNAs (miscRNAs). The most recurrently occurring category among non-coding transcripts was lincRNAs followed by as lncRNA. Using edgeR, significantly dysregulated lincRNAs were identified in breast cancer cells when compared to normal breast cells (p \< 0.05 and fold change ≥ 2.0). ([Fig. 2](#fig2){ref-type="fig"}). The identified lncRNAs were further demonstrated to be linked with 33 miRNAs and 44347 mRNA genes, with p \< 0.05 and fold change ≥2.0. Functional analysis of the dysregulated genes using DAVID \[[@bib52]\] was used to spot the ones involved in apoptosis of cancer cells.Fig. 2The significantly dysregulated lncRNAs in breast cancer cells when compared to normal breast cells (p \< 0.05 and fold change ≥ 2.0). Distribution of significantly differentially expressed non-protein coding transcripts (lincRNAs, antisense RNAs, miRNAs, snoRNAs, snRNAs and miscRNAs) obtained from SRA dataset, identified using edgeR (in colour) and annotated according to hg19 fasta file. Mean centered genes were displayed in black colour.Fig. 2

This research was centered towards the topmost up- & down-regulated lncRNAs from which four of the most differentially expressed lncRNAs were selected for detailed functional characterization and *in vitro* studies. All four selected candidates displayed nill/low predicted protein-coding scores using different tools. The coding potential was substantiated using ENSEMBL (<http://www.ensembl.org/index.html>) genome browser, PRIDE reprocessing tool (v 2.0) \[[@bib53]\], PhyloCSF score \[[@bib54]\], CPAT \[[@bib55]\], and Randfold tool \[[@bib56]\]. The presence of miRNAs target region was scanned using LncBase analysis tool \[[@bib57]\], whereas the locus conservation across vertebrate species (Mouse and Zebrafish) was searched using MirTarget2 (as assessed by the Emsembl Compara API) \[[@bib58]\], exclusively for four dysregulated lncRNAs LINC01087, lnc-CLSTN2-1:1, lnc-c7orf65--3:3, LINC01559:2. This led to the conclusion of a possible conserved function passed on through evolutionarily means ([Table 1](#tbl1){ref-type="table"}). The differential expression of the lncRNAs was validated using data entry from Genecard, NONCODE, LNCipedia databases.Table 1Predicted protein-coding scores for the four candidates using different tools.Table 1SetsC vs. T (U)C vs. T (U)C vs. T (D)C vs. T (D)Differentially expressed lncRNAsLINC01087lnc-CLSTN2-1:1lnc-c7orf65--3:3LINC01559:2Length (bp)351656926091003PhyloCSF score25.7357−56.324−44.4845--CPAT coding probability0.48%2.19%5.28%0.63%Bazzini small ORFs0000Locus conservationNoYesNoNoNoNoNoNoR and fold minimum free energy−917.46−188−177.8−789.43R and fold P-value0.0160.0730.0780.045Targeting miRNAshsa-miR-548n, hsa-miR-548as-5p, hsa-miR-548as-5p------[^1]

3.2. *In-vitro* approach for functional characterization of lncRNAs {#sec3.2}
-------------------------------------------------------------------

RNA-Seq analysis for a panel of tumorigenic lncRNAs was classified with high/low expression. MCF-7 cell line, which belongs to a metastases producing human breast cancer cell line, was used to investigate the functional impact of LINC01087. All selected cell lines were derived from human breast adenocarcinoma cells and were utilized for the cell culture and morphological studies obtained from National Centre for Cell Science (NCCS), Pune, India. Total RNA extracted from the cell lines was used to determine the expression of our candidate lncRNAs. The RNA was treated with RNase-free DNase I (Promega) to prevent amplification which may be caused due to DNA contamination. cDNAs were synthesized using 1 μg of DNase I treated total RNA extracted in RNase free environment. For the amplification of LINC01087 and GAPDH, which was taken as a positive internal control, RT-PCR was carried out using 5.0 and 2.5 μl of cDNA, respectively in a 25 μl PCR reaction mixture containing 1X Taq buffer, 0.2 mM dNTPs, 1U Taq polymerase and 25pm of LINC01087 and GAPDH specific primer pairs. The amplification conditions used were: initial denaturation at 95 °C for 4 min; followed by 35 cycles of: denaturation at 95 °C for 45 s, annealing at 54 °C for 45 s and extension at 72 °C for 45 s; and a final extension at 72 °C for 10 min. The amplified product (1/5th for 5.5 and LINC01087 and 1/10th for GAPDH) was checked on 1.5% agarose-TBE gel, run at 70 V or 100 mA and their respective concentrations were quantified by measuring integrated density value (IDV) of the amplified band using AlphaEase FCTM software and Alpha Imager 3400 (Aplhainnotech corporation). RT-PCR analysis revealed a higher expression of LINC01087 in MCF-7 cell lines ([Fig. 3](#fig3){ref-type="fig"}a). Successful isolation of pure cytoplasmic fractions was confirmed by a marker RNA molecule with known cytoplasmic (GAPDH) enrichment ([Fig. 3](#fig3){ref-type="fig"}b).Fig. 3(a) Expression of LINC010187 in MCF-7 cells. RT-PCR of LINC01087 by using RNA isolated from MCF-7 cells. GAPDH was taken as internal control. M: 100bp DNA ladder; LC: loading control (500 bp). (b) Relative expression of *LINC01087* in MCF-7 determined by RT-PCR (c) Microscopic morphological analysis of MCF-7 cells cultured in complete media captured at 24 h at 20X resolution.Fig. 3

To explore various pathways related to programmed cell death, cellular morphology studies were performed. Cellular morphology can be used as the basis for defining different programmed cell death modes. We assessed the effects of LINC01087 on proliferation, a crucial step in cancer progression and metastatic colonization. MCF-7 cells grown in complete media displayed cell rounding and shrinkage, plasma membrane blebbing followed by subsequent detachment of the cells reflecting slow apoptosis ([Fig. 3](#fig3){ref-type="fig"}c). Overall, the results conclude the specific functional role of LINC01087 in the regulation of cancerous cells growth and proliferation. The product can act as regulating factor in slowing down the process of overgrowth in cancerous cell and putting a check on the procedure of cell death/apoptosis.

3.3. Identification of active lncRNA-miRNA-mRNA sub-network {#sec3.3}
-----------------------------------------------------------

Overall the most promising result of the *in vitro* analysis in accordance with *in silico* analysis was shown by LINC01087. Therefore, we set out to identify lncRNA-miRNA interaction partners to further elucidate the mechanisms of action of the dysregulated lincRNA. We scrutinized the ability of coding and ncRNAs to act as competing endogenous RNAs (ceRNAs) in human carcinoma and identified a new-fangled network of sponge interactions. This interaction can further act as mediator of crosstalk between different regulatory pathways. A curated gene-miRNA regulatory network was constructed. The generated network included 33 miRNAs and 44347 target genes. From 44347 genes and miRNAs of active sub-networks, 116 genes were found to be enriched in 8 apoptotic signaling pathways as obtained. As finding the combination of all possible RNA/miRNA/mRNA triplets is computationally taxing, only RNA/RNA pairs showing binding category of more than 7-mer were considered, thus using a priori information on putative or validated seeds to complementing expression data *via* LncBase analysis. The curative role of LINC01087 as possible sponge regulators of miRNAs activity on target mRNAs was established by Chromatin Immunoprecipitation sequencing (ChIP-seq) analysis. LncBase analysis showed the association of LINC01087 to several miRNAs. Among these miRNAs, 33 miRNAs whose binding energy \>82.0 were only selected for the further analysis ([Fig. 4](#fig4){ref-type="fig"}, [Supplementary Table 1](#appsec1){ref-type="sec"}). We further, explored miRNA decoy mechanism within gene regulatory circuitry using expression data from tumor and matched normal samples of breast carcinoma, provided by NCBI SRA and TCGA databases. In this study, two networks of lncRNA-miRNA interactions and miRNA-mRNA interactions were constructed. The reduced dimensionality of this configuration space, the data obtained from lncRNA-centered approach reduced the configuration space dimension, making the computational burden manageable, with the additional advantage of using a purely data-driven approach. Our study revealed the existence of a complex regulatory network of miRNA-mediated interactions that is step ahead of all biological significant studies. As a result, tumour-suppressive and oncogenic activity of some specific lncRNAs, exploiting a decoy mechanism, is speculated therein. Furthermore, the established lncRNA-miRNA-mRNA network participating in apoptotic activity triggered the more functional probability of sponge pair interactions in cancer tissues. A specific potential genes-miRNA regulatory sub-network mapped total 116 apoptotically active genes with 3 miRNAs having role as active seed nodes ([Supplementary Table 2](#appsec1){ref-type="sec"}). The miRNAs (hsa-miR-4778--3p, hsa-miR-4482--3p, hsa-miR-335--3p) were found to be associated with 1 apoptotic pathway whereas 2 miRNAs (hsa-miR-3613--3p, hsa-miR-548n) were associated with \>1 apoptotic pathway. Interestingly, hsa-miR-3613--3p, hsa-miR-548n, and hsa-miR-335--3p were identified to be associated with mRNA genes which have established function in tumor-suppression and oncogenic activity using target pair identification tool TargetScan ([Supplementary Table 3](#appsec1){ref-type="sec"}). We obtained 3 miRNA hubs (hsa-miR-3548n, hsa-miR-3613--3p and hsa-miR-335--3p) associated with 13 TSGs (NF1, PAWR, PHLAD3, SIAH1, TP53INP1, TSC22D1, BCL2L11, DFNA5, HTATIP, PEG3, SMAD3, EGR1, YAP1) and 7 PGs (AKT1, NOTCH2, SOX4, PIM3, RAF1, CDKN1B, MDM2) ([Table 2](#tbl2){ref-type="table"}). These regulatory hubs/molecules might play important role in apoptotic signaling associated with carcinoma ([Supplementary Fig. 1](#appsec1){ref-type="sec"}). Many of these miRNAs were involved in the regulation and initiation of translation and in post-transcriptional modifications of RNAs. Interestingly, miR-193a-5p is known to be less expressed in IBC patients and plays a suppressive role in breast cancer \[[@bib59]\], miR-548w member has been found to be downregulated in pancreatic cancer \[[@bib60]\], miR-185 is said to be downregulated in breast cancer and inhibits the proliferation of breast cancer cells \[[@bib61],[@bib62]\]. Using TargetScan (<http://www.targetscan.org/>), physical association between LINC01087 and miR-548n was confirmed in data samples. Finally, the related miRNA resulted in interaction probabilities ranging between 0.04 and 0.0007 indicating that miR-548n and LINC01087 are likely to act together with each other ([Supplementary Table 4](#appsec1){ref-type="sec"}). This interaction is novel in its kind and has not yet been reported in breast cancer. Network topology showed that the set of 33 miRNAs are clustered in two hubs which might be regulated in a similar way, since group of miRNAs which have similar pattern of expression can be considered to be in the same cluster ([Supplementary Fig. 2](#appsec1){ref-type="sec"}). Furthermore, computationally predicted significant lncRNA-miRNAs interacting pair was found to be involved in different apoptotic regulatory pathways *viz*. apoptotic signaling pathway ([Supplementary Fig. 3](#appsec1){ref-type="sec"}), intrinsic apoptotic signaling pathway ([Supplementary Fig. 4](#appsec1){ref-type="sec"}), cellular component disassembly involved in execution phase of apoptosis ([Supplementary Fig. 5](#appsec1){ref-type="sec"}), and positive regulation of protein insertion into mitochondrial membrane involved in apoptotic signaling pathway ([Supplementary Fig. 6](#appsec1){ref-type="sec"}).Fig. 4The binding site of hsa-miR548n has canonical 8-mer binding site in 3′UTR of LINC01087 obtained using TARGETSCAN.Fig. 4Table 2List of miRNA genes interacting with mRNA genes classified functionally as tumor-suppressive genes (TSGs) and oncogenes (OGs).Table 2miRNAsGenesTSGOGhas-miR-3613--3pDFNA5✓NOTCH2✓EGR1✓MDM2✓PIM3✓TP53INP1✓has-miR-335--3pNF1✓PHLDA3✓RAF1✓HTATIP2✓SMAD3✓CDKN1B✓TP53INP1✓has-miR-548nSOX4✓SMADS✓PAWR✓SIAH1✓BCL2L11✓AKT1✓TSC22D1✓

3.4. Co-expression analysis {#sec3.4}
---------------------------

The significantly dysregulated lncRNA in the predicted network associated with breast cancer is likely to show significant co-expression relationship of biological interest with miRNA and mRNA genes. The analysis adds meaningful insight to our study since the co-expressed genes are said to be governed by the same factors which may be coherently related \[[@bib63], [@bib64], [@bib65]\]. Hence, co-expression analysis of some of the path components between the critical upstream regulator LINC01087, and its modulated oncogenic partners-hsa-miR548n, AKT1 & PAWR gene were performed to identify whether these are significantly co-expressed in breast cancer. Analysis suggests that these dysregulated cancer-associated lncRNAs ignites the function of paired up miRNAs which further push the cascade of events strengthening the whole lncRNA-miRNA-mRNA network in breast cancer samples. We analysed three crucial components of the lncRNA-miRNA-mRNA gene network, using statistical analysis, as obtained from the NGS data and found LINC01087 to be highly upregulated and hsa-miR548n to be downregulated in breast cancer subtypes. Co-expression analysis was used to infer lncRNA--miRNA association from genome-wide expression (FPKM/TPM from SRAdb and TCGA, respectively) counts to interrogate and analyse the interaction. LINC01087 showed a significant negative correlation with miRNA-548n in cancer samples with correlation coefficient R^2^ = 0.5375 and p-value \< 0.001 ([Fig. 5](#fig5){ref-type="fig"}a). This co-expression analysis inferred the higher expression of LINC01087 associated with low-expression of miR-548n. We hypothesized that LINC01087 upregulation in the diseased samples might be responsible for the downregulation of hsa-miR-548n in breast cancer cells inhibiting the normal functioning of the cell by promoting the proliferation. Similarly the co-expression analysis of miR-548n and AKT1, showed that miRNA-548n is significantly negatively correlated with AKT1 genes with correlation coefficient R^2^ = 0.04093 and p-value \< 0.001 ([Fig. 5](#fig5){ref-type="fig"}b). AKT1 leads to inhibition of kinase activity and phosphorylation of GSK3 isoform to antiapoptotic activities (impairs proliferation) \[[@bib66]\]. The upregulation of LINC01087 from our NGS and RT-PCR analysis was in accordance with co-expression analysis, where high expression was in accordance with the low-expression of miRNA-548n. Interestingly, another member of family miR-548 has been reported to have low expression rate in some cancer types (except the Breast cancer) \[[@bib67],[@bib68]\]. Therefore, we hypothesized that miR-548n in low expressed potential can inhibit the normal activity of AKT1 gene of proliferation and can act as potential candidate for prognostic indicator of chemotherapeutic benefits in breast cancer. Equivalently, miRNA-548n is found to be positively correlated with PAWR genes from the expression data of cancer samples indicating miRNA inhibiting the pro-apoptotic activity of the gene (R^2^ = 0.0009489, p-value = 0.8864) ([Fig. 5](#fig5){ref-type="fig"}c). PAWR normally functions to sensitize the cells to diverse apoptotic stimuli and cause regression of tumors \[[@bib69]\]. We also hypothesized miR-548n and PAWR as potential candidates for prognostic indicator of chemotherapeutic benefits in breast cancer in deregulated conditions. Therefore, the three nodes can act as potential candidate markers for prognostic indicator of chemotherapeutic benefits in breast cancer diagnosis.Fig. 5Co-expression analysis (a) between lncRNA and its regulated miRNA showing a negative correlation between them indicating upregulation of LINC01087 and downregulation of hsa-mir548n (b) negative correlation between miRNA and AKT1 gene showing downregulation of hsa-mir548n and upregulation of AKT1 gene (c) positive correlation analysis between hsa-mir548n and PAWR gene both being downregulated in breast cancer associated with inhibition of apoptosis.Fig. 5

3.5. Survival analysis {#sec3.5}
----------------------

Kaplan-Meier (KM) survival analysis curve \[[@bib70]\] was plotted to associate the expression data with the survival rate of breast cancer patients. We checked the expression of novel putative lncRNA an initial component of the path as obtained from the NGS data and found it to be highly up-regulated in breast cancer subtypes using RNA-Seq technique. The subsequent analysis steps wherein the data obtained from TCGA database were subjected to Survival analysis using KM plot. The interacting miR-548n low expression and AKT1 protein coding genes high expression, was seen to be associated with decreased survival rate in breast cancer patients (HR = 0.47, logrank P = 0.13 and HR = 1.3, logrank P = 0.023, respectively). Survival analysis for PAWR gene showed that the low-expression is associated with lower survival rate of breast cancer patients (HR = 1.01, logrank P = 0.91). Therefore, it can be concluded from the statistical analysis that AKT1 in up- and miR-548n in down-regulated condition might play oncogenic and tumor suppressive role, respectively ([Fig. 6](#fig6){ref-type="fig"}a and b). PAWR and miR-548n both are down-regulated in abnormal conditions indicating tumor suppressive role for both. The dysregulated expression of hsa-miR-548n has not yet been studied in the breast cancer system and the association with the lncRNA is first of its kind ([Fig. 6](#fig6){ref-type="fig"}c).Fig. 6(a) Kaplan-Meier plot demonstrating the relationship between hsa-miR548n expression and survival of patients with breast cancer obtained from analysis of TCGA data. KM plot indicating the association of low expression of hsa-miR548n in breast cancer samples with low survival of patients (b) Kaplan-Meier plot demonstrating the relationship between AKT1 gene expression and survival of patients with breast cancer. KM plot showing the association of high expression of hsa-miR548n in breast cancer samples with low survival of patients (c) Kaplan-Meier plot demonstrating the relationship between PAWR gene expression and survival of patients with breast cancer. KM plot showing the association of low expression of PAWR in breast cancer sample with low survival of patients.Fig. 6

Moreover, starBase v2.0 database \[[@bib71]\] was used to establish the relationship of *in vitro* assayed dysregulated lncRNA of mammalian cells (infected with breast cancer) and proteins. An additional study was performed using Cross-linking Immunoprecipitation sequencing (CLIP-seq) analysis where LINC01087 was found to target three ribosomal proteins RBPs- FUS, U2AF65 and hnRNPC. However, the novel cross-talks among the diverse functioning will help gain understanding of their role in development of breast cancer and other cancers. Further validation of associated proteins in clinical carcinoma tissue samples and *in vivo* studies can be done to establish the findings at the clinical level as potential candidate of prognostic indicator for chemotherapeutic benefits in cancer metastasis.

4. Conclusion {#sec4}
=============

Dysregulation of the non-coding RNAs at the transcriptional and post-transcriptional level plays a major role in the oncogenesis of breast cells. In this study, an lncRNA-miRNA-mRNA regulatory network was established that could help unravel the mechanism behind the multi-stage process of apoptosis of breast cancer at both coding and non-coding level. There is vast literature dedicated to the study of coding RNAs, however non-coding regulators and their effects on the apoptotic pathway in breast cancer are rarely studied \[[@bib39],[@bib72]\]. Understanding the role of regulators and how they influences apoptosis is an essential step in improving the outcome of the patient and developing novel therapeutics. Therefore, an lncRNA-miRNA-mRNA regulatory network in breast cancer was constructed with the help of curated regulations and deduced critical regulators, novel apoptotic signaling components and significant active paths which have illuminated the most significant regulatory nodes in metastatic cascades operating in breast cancer. This work represents the first lncRNA-miRNA-mRNA regulatory network in breast cancer.

We obtained top differentially expressed lncRNAs from the RNA-Seq analysis, validated four novel lncRNAs and checked non-coding potential of the candidates. The top lncRNAs were subjected to RT-PCR analysis followed by functional analysis to determine the pathways associated with the linked ncRNAs. From the active sub-network analysis novel sponge-pair interacting partners were shown to participate in the events of apoptosis associated with several genes which did not have any known significant functions in breast cancer. Among them, number of pathways have role reported in apoptosis of cancers, such as CyclinA1 \[[@bib73]\], c-Myc \[[@bib74]\], DUSP6 \[[@bib75]\], WNT-16 \[[@bib76]\], Bcl-XL \[[@bib77]\], CD-40 \[[@bib78]\], p53 \[[@bib79]\], p21 \[[@bib80]\], BAIAP3 \[[@bib81]\], IL6 \[[@bib82]\] signaling pathways and few more which pave tumor proliferation. Our statistical analysis also confirmed p53 signaling pathway to be critical in the apoptosis of carcinoma cells as well and ideally placed to regulate other signaling pathways involved in tumorigenesis. These events transcriptional misregulation in cancer could be linked to direct/indirect regulation of protein coding mRNAs involved in cell apoptosis and proliferation. Very few lncRNAs have been characterized and experimentally validated thus far. Among them, the ceRNA in humans and their important sponge interactions can act as icing on cake benefitting the RNA world \[[@bib61],[@bib62]\]. We speculated the LINC01087/hsa-miR548n pair might be involved in regulating the translation of mRNAs, a hypothesis that is supported by the binding of other proteins related to translational regulation in the LINC01087 ChIP-Seq analysis. Alternatively, LINC010187 may also be involved in oncogenic activity by controlling the AKT1and PAWR gene. Nevertheless further analyses are required to elucidate the mechanisms of action and functional role of the LINC01087-hsa-miR548n-AKT1 (as well as the other associations identified in the RNA-Seq analysis). In conclusion, we identified a significantly dysregulated lncRNAs in breast cancer compared to normal mammary cells.
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[^1]: C=Control, T = Treated, U=Up-regulated, D = Down-regulated.
